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PART | I Review of Basic Microbiological Concepts38
 Unfortunately, it is difficult to extend our knowledge 
of growth under controlled laboratory conditions to an 
understanding of growth in natural soil or water environ-
ments, where enhanced levels of complexity are encoun-
tered ( Fig. 3.2 ). This complexity arises from a number of 
factors, including an array of different types of solid sur-
faces, microenvironments that have altered physical and 
chemical properties, a limited nutrient status, and consor-
tia of different microorganisms all competing for the same 
limited nutrient supply (see Chapter 4). Thus, the current 
challenge facing environmental microbiologists is to under-
stand microbial growth in natural environments. Such an 
understanding would facilitate our ability to predict rates of 
nutrient cycling (Chapter 14), microbial response to anthro-
pogenic perturbation of the environment (Chapter 17), 
microbial interaction with organic and metal contaminants 
(Chapters 20 and 21), and survival and growth of pathogens 
in the environment (Chapters 22 and 27). In this chapter, 
we begin with a review of growth under pure culture condi-
tions and then discuss how this is related to growth in the 
environment. 
 3.1  GROWTH IN PURE CULTURE 
IN A FLASK 
 Typically, to understand and define the growth of a particu-
lar microbial isolate, cells are placed in a liquid medium 
in which the nutrients and environmental conditions are 
controlled. If the medium supplies all nutrients required 
for growth and environmental parameters are optimal, the 
increase in numbers or bacterial mass can be measured as 
a function of time to obtain a growth curve. Several dis-
tinct growth phases can be observed within a growth curve 
( Fig. 3.3 ). These include the lag phase, the exponential or 
log phase, the stationary phase, and the death phase. Each 
of these phases represents a distinct period of growth that 
is as ociated with typical physiological changes in the c ll 
culture. As will be seen in the following sections, the rates 
of growth associated with each phase are quite different. 
 3.1.1  The Lag Phase 
 The first phase observed under batch conditions is the lag 
phase in which the growth rate is essentially zero. When 
an inoculum is placed into fresh medium, growth begins 
after a period of time called the lag phase. The lag phase is 
defined to transition to the exponential phase after the ini-
tial population has doubled ( Yates and Smotzer, 2007 ). The 
lag phase is thought to be due to the physiological adapta-
tion of the cell to the culture conditions. This may involve 
a time requirement for induction of specific messenger 
RNA (mRNA) and protein synthesis to meet new culture 
requirements. The lag phase may also be due to low initial 
densities of organisms that result in dilution of exoenzymes 
(enzymes released from the cell) and of nutrients that leak 
from growing cells. Normally, such materials are shared by 
cells in close proximity. But when cell density is low, these 
materials are diluted and not as easily taken up. As a result, 
initiation of ce  growth and division and the transition t  
exponential phase may be slowed. 
vs.
 FIGURE 3.2  Compare the complexity of growth in a flask and growth 
in a soil environment. Althoug  we understand growth in a flask quite 



































 FIGURE 3.3  A typical growth curve for a bacterial population. Compare the difference in the shape of the 
curves in the death phase (colony-forming units versus optical density). 





























































































































































































































































































































































































Absorbance	Value:		Dilution	Factor: 10-2 10-3 10-4 10-5 
Plate	1     
Plate	2     
Average     CFU/mL     
 
T60 
Absorbance	Value:	Dilution	Factor: 10-2 10-3 10-4 10-5 
Plate	1     
Plate	2     
Average     CFU/mL     
 
T100	
Absorbance	Value:	Dilution	Factor: 10-2 10-3 10-4 10-5 
Plate	1     
Plate	2     




Absorbance	Value:	Dilution	Factor: 10-2 10-3 10-4 10-5 
Plate	1     
Plate	2     
Average     CFU/mL     
 
T180 
Absorbance	Value:	Dilution	Factor: 10-2 10-3 10-4 10-5 
Plate	1     
Plate	2     
Average     CFU/mL     
 
T240 
Absorbance	Value:	Dilution	Factor: 10-2 10-3 10-4 10-5 
Plate	1     
Plate	2     





































































































 Use	the	following	tables	to	organize	the	spectrum	data	and	to	create	a	growth	curve.	The	actual	time	of	measurement	will	be	the	time	on	the	clock	when	the	absorbance	measurement	was	taken	using	the	SpecPhone.			 	Time	Point	 Actual	Time	of		Measurement	 SpecPhone	Absorbance	Value		T0	 	 		T10	 	 		T20	 	 		T30	 	 		T40	 	 		T50	 	 		T60	 	 		T70	 	 		T80	 	 		T90	 	 		T100	 	 		T110	 	 		T120	 	 		T130	 	 		T140	 	 		T150	 	 			
			
